Purpose. To review outcomes of 100 patients who underwent short proximal femoral nailing for stable and unstable intertrochanteric fractures. Methods. Records of 62 men and 38 women aged 56 to 83 (mean, 67) years who underwent short proximal femoral nailing for stable peritrochanteric A1 (n=36), unstable peritrochanteric A2 (n=40), and unstable intertrochanteric A3 (n=24) fractures were reviewed. Results. 80 patients achieved anatomic reduction. At the one-year follow-up, 90% of the patients had good or excellent outcomes, and 50% had returned to their pre-injury functional level. One patient with avascular necrosis noted at 20 months and another patient with non-union/pseudarthrosis underwent a revision bipolar arthroplasty. Two patients had a Z effect and one a reverse Z effect. Six patients with osteoporosis had superior migration of the nail with varus collapse. Two patients had cutting out of the screw, but the fractures eventually healed. Ten patients had shortening of <2 cm. Seven patients had lateral thigh discomfort attributed to irritation Short proximal femoral nail fixation for trochanteric fractures
INTRODUCTION
Various implants for treatment of intertrochanteric fractures have been reported. The open technique entailing the sliding hip screw may result in deterioration of pre-existing comorbidities in elderly patients owing to increased blood loss, soft-tissue damage, and longer rehabilitation. 1 Cutting out of the sliding hip screw, excessive medialisation of the distal fragment (in unstable fractures), and collapse upon weight bearing are major concerns. 2, 3 Such complications do not impede fracture healing, but cause severe pain during walking and hamper rehabilitation.
Gamma nailing after closed reduction is a less invasive technique, but is associated with cutting out of the screws, thigh pain, and femoral shaft fractures. 4, 5 To overcome these complications, intramedullary proximal femoral nailing with 2 proximal screws for insertion into the head-neck fragment is developed for patients with unstable trochanteric fractures. 6, 7 Nonetheless, the sizes of existing gamma nails and the proximal femoral nails are excessively large for Asian femora. 8 In addition, intramedullary nailing involves considerable tissue trauma, violation of the medullary canal by reaming, and relatively large blood loss and the need for blood transfusions.
A short proximal femoral nail with a length of 180 mm and a proximal diameter of 15 mm is therefore developed to enable easy insertion and reduce the risk of femoral fracture. The nail has a 6º medio-lateral angle for easy insertion and a flexible distal tip to avoid stress generation and refracture. The nail has a longitudinal slot throughout, so as to accelerate regeneration of the endosteal bone. We reviewed records of 100 patients who underwent short proximal femoral nailing for stable and unstable intertrochanteric fractures.
MATERIALS AND METHODS
Of 112 patients who underwent short proximal femoral nailing between July 2004 and July 2008, records of 62 men and 38 women aged 56 to 83 (mean, 67) years with stable peritrochanteric A1 (n=36, Fig.  1a ), unstable peritrochanteric A2 (n=40, Fig. 1b) , and unstable intertrochanteric A3 (n=24) fractures were reviewed. The mechanisms of injury were simple falls (n=60), high-velocity traumas (n=23), falls from a height (n=10), and industrial accidents (n=7).
Based on the Singh index, the degree of osteoporosis was evaluated using radiographs. 70 patients were classified as grades II to IV and the remaining 30 as grades V and VI. Associated injuries included lower-end radial fractures (n=6) and forearm fractures (n=3). Preoperatively, patients were kept on skin traction, and routine haematological tests and electrocardiography were performed. 22 patients had well-controlled hypertension, 10 had diabetes, 5 had chronic obstructive pulmonary disease, and 15 had ipsilateral degenerative knee arthritis.
Patients were operated on within 24 to 96 (mean, 48) hours, depending on their fitness. A thirdgeneration cephalosporin was given one day before surgery and continued for 3 days; no prophylaxis for deep vein thrombosis was initiated.
Patients were placed in a supine position under spinal or epidural anaesthesia, with the trunk deviated to the opposite side. Closed reduction was achieved in 82 patients, whereas 10 underwent joystick manoeuvres and 8 underwent limited open reductions. In 6 patients with unstable fractures, reduction was maintained by a temporary Kirschner wire.
A 5-cm incision was made just proximal to the greater trochanter parallel to the femoral shaft. A guide wire was passed through the trochanteric tip across the fracture site. It was reamed to the size of 15 mm. The nail was mounted on a radio-opaque jig at 130º (n=76) or 135º (n=24), depending on the neckshaft angle of the opposite hip. Proximal locking was achieved through one stabilisation screw and one compression screw. The distance between the 2 screws had to be at least 10 mm to prevent a Z effect or cutting out. Distal interlocking entailed both static and dynamic modes, depending on the fracture configuration. The lag screw had to be positioned deep into the femoral head in the anteroposterior view and centrally or slightly posterior in the lateral view to decrease complications in osteoporoic bones. The wound was closed in layers over the drain.
Postoperatively, active quadriceps exercises, ankle and toe movements, and knee mobilising exercises were started on day 2. Stitches were removed on day 10. 19 patients with haemoglobin levels below 10 g/dl received blood transfusions. Non-weight bearing ambulation with 2 crutches was allowed at week 2. Full weight bearing was commenced once radiological evidence of bone union was evident (at around week 12). Patients were assessed for pain, limb length discrepancy, active and passive movements at the hip, knee and ankle. Radiographs were taken to assess the progress of healing and possible implant failure. Clinical outcomes were assessed according to Kyle criteria 9 (Table 1) .
RESULTS
The mean operating time was 50 (range, 45-65) minutes. The mean peri-operative wound drainage was 80 (range, 60-120) ml. had returned to their pre-injury functional level.
One patient with avascular necrosis noted at 20 months (Fig. 2 ) and another patient with nonunion/pseudarthrosis underwent a revision bipolar arthroplasty. One patient had breakage of the guide wire during surgery. Two patients had a Z effect and one a reverse Z effect. Six patients with osteoporosis had superior migration of the nail with varus collapse. Two patients had cutting out of the screw (Fig. 3) attributed to insufficient tip-apex distance (considered necessary for adequate fixation of the head-neck fragment), but the fractures eventually healed. Ten patients had shortening of <2 cm. Four patients had superficial infections. 12 patients had widening of the trochanter, which eventually healed without any complications. Seven patients had lateral thigh discomfort attributed to irritation of the protruding screws rubbing against the tensor fascia lata, and 5 of them underwent screw removal. None had fractures of the femoral shaft or trochanter or experienced nail breakage.
DISCUSSION
Successful treatment of intertrochanteric fractures depends on bone quality, patient age, general health, interval from fracture to treatment, treatment adequacy, comorbidities, and fixation stability.
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Surgical management is preferred because it facilitates early rehabilitation.
The dynamic hip screw is an extramedullary implant for trochanteric fractures. 11 It provides controlled compression at the fracture site. Common causes of fixation failure include fracture instability, osteoporosis, lack of anatomic reduction, implant failure, and incorrect placement of the lag screw in the femoral head (leading to cutting out of the screw). 3 Excessive medialisation in the osteoporotic bone causes pain and deformity. In osteoporotic patients with unstable trochanteric fractures, complication rates have been reported to be 14% 12 and 38%. 13 In patients with reverse oblique fractures, a failure rate of 56% has been reported. 14 Cephalomedullary femoral reconstruction nails with a trochanteric entry point are biomechanically stronger than extramedullary implants. 15 In unstable proximal femoral fractures, control of axial telescoping and rotational stability are essential. Intramedullary implants inserted in a less-invasive manner are better tolerated by the elderly. 11 The original design of the gamma nail was rigid and caused pressure on the medial cortex in the subtrochanteric region and on the lateral cortex near the tip of the nail. It was associated with anterior thigh pain, fixation failure, and fracture of the femoral shaft distal to the tip of the nail. 16, 17 The new gamma nail is an intramedullary device; its technical and mechanical failure rate is about 10%. 4 A single-screw configuration in the proximal femur is unstable. Proximal femoral nailing uses a 2-screw configuration. 18 The Ace nail 19 features a sliding hip screw and an intramedullary nail. These intramedullary implants are subject to lower bending moments than extramedullary implants. The entry portal of the proximal femoral nail through the trochanter confines surgical trauma to the tendinous hip abductor musculature only. 15 The stabilising and the compression screws of the proximal femoral nail adequately compress the fracture, leaving between them a bone block for further revision if necessary. 20 It is a biomechanically stable construct that enables early weight bearing.
Nonetheless, proximal femoral nail fixation and gliding nail fixation are associated with femoral head perforations (4.8% and 2.6%), dislocation of materials (0.8% and 0%), intra-operative femoral shaft fractures (0.8% and 2.6%), pseudarthrosis (0% and 0.9%), fracture of materials (0.8% and 0%), wound-healing impairment (9.7% and 5.2%), and false placement of the osteosynthesis materials and errors in repositioning (0.8% and 4.3%). 21 Complications of proximal femoral nailing include lateral protrusion of screws, a Z effect or a reversed Z effect, and fracture of the lateral wall of the trochanter. 22 The re-operation rate is 19%, mainly involving cephalic screw removal due to lateral protrusion at the proximal thigh. In our series, the reoperation rate for removal of screws was only 5%. In patients with unstable intertrochanteric fractures treated with proximal femoral nailing, technical or mechanical complications seem to be related to the fracture type, operating technique, and time to weight bearing rather than the implant itself. 23 Screw migration is attributed to fracture instability, presence of osteoporotic bones, and impaction at the fracture site. 23 The proximal femoral nail anti-rotation has a helical blade for better purchase in the femoral head. 46 of 315 patients had implant-related complications: 28 resulted in unplanned re-operations, 4 endured acetabular penetrations (3 of which were after a new fall), and 7 developed ipsilateral femoral shaft fractures. 24 Intramedullary nailing involves reaming and violation of the medullary canal, leading to increased blood loss and transfusion rates. 7 The rate of fixation failure, femoral shaft fracture, and re-operation is high (12%). 25 Haematoma and iliotibial tract irritation 26 The gamma nail and proximal femoral nail have a proximal diameter of 17 mm, which is too large for average Indian femora, and may lead to widening of the trochanter and fractures ( Table 2) . Modification of the gamma nail by reducing its diameter and length has been performed in a Chinese population. 8 In India, the proximal femoral nail is available with a length of 240 to 250 mm. It crosses the middiaphysis of the femora (with a mean length of 400 mm) and occasionally abuts against the bowed femora of an average Indian subject. This may give rise to intra-operative femoral shaft fractures and thigh pain, because the implant touches the anterior cortex of the femur.
The anterior curvature of the femur affects insertion of the intramedullary nail. This may cause cortical penetration or fracture angulation if the mismatch between the nail and femoral curvatures is significant. 27 Intra-operative complications such as splintering and fractures are due to oversized implants that are manufactured according to western population parameters. 28 The short proximal femoral nail reduces stress concentration at the tip and the smaller distal shaft diameter may prevent femoral shaft fractures. It also acts as a buttress to prevent medialisation of the shaft and provides more efficient load transfer than does a sliding hip screw. It is a superior implant for stable and unstable intertrochanteric fractures in terms of operating time, surgical exposure, blood loss, and complication rates. Further studies are needed to confirm the efficacy of the short proximal femoral nail in Asians.
